The dynamical behavior of a conÐguration consisting of a plane Ñuid wake Ñowing in a current sheet embedded in a plasma sheet that is denser than its surroundings is discussed. This conÐguration is a useful model for a number of structures of astrophysical interest, such as solar coronal streamers, cometary tails, the EarthÏs magnetotail and Galactic center nonthermal Ðlaments. In this paper, the results are applied to the study of the formation and initial motion of the plasma density enhancements observed by the Large-Angle Spectrometric Coronagraph (LASCO) instrument onboard the Solar and Heliospheric Observatory (SOHO) spacecraft. It is found that beyond the helmet cusp of a coronal streamer, the magnetized wake conÐguration is resistively unstable, that a traveling magnetic island develops at the center of the streamer, and that density enhancements occur within the magnetic islands. As the massive magnetic island travels outward, both its speed and width increase. The island passively traces the acceleration of the inner part of the wake. The values of the acceleration and density contrasts are in good agreement with LASCO observations.
INTRODUCTION
Recently, interest has grown in examining the evolution of systems in which both sheared Ñows and sheared magnetic Ðelds are present, with particular emphasis on the study of a Ñuid jet (or a Ñuid wake obtained by the subtraction of a constant velocity from the jet) embedded in a neutral sheet. This conÐguration serves a model for many astrophysical systems, including the EarthÏs magnetotail (Sato & Walker 1982) , extragalactic jets (Ferrari 1998 and references therein), cometary tails (Cravens 1997 and references therein), Galactic center nonthermal Ðlaments (Shore & LaRosa 1999) , the heliospheric current sheet (Wang et al. 1988 ; Stribling, Roberts, & Goldstein 1996) , solar surges (Carbone, Einaudi, & Veltri 1987 ; Dahlburg & Karpen 1994) , and solar streamers . A great deal of research has focused on the e †ect that shear Ñows have on magnetic reconnection, showing that the dynamics in magnetically dominated (i.e., where the number A, Alfve n the ratio of typical velocity to typical Ñow speed, is Alfve n greater than one) and Ñow dominated (A \ 1) regimes is very di †erent. We have studied this particular aspect of the problem in detail, assuming incompressibility, for the plane current vortex sheet (Einaudi & Rubini 1986 ; Einaudi & Rubini 1989 ; Dahlburg, Boncinelli, & Einaudi 1997) as well as for the magnetized jet (Einaudi & Rubini 1986 , 1989 Dahlburg, Boncinelli, & Einaudi 1998 Einaudi et al. (1999) to develop a magnetohydrodynamic model that accounts for many of the typical features observed in the slow component of the solar wind, assumed to originate within solar coronal streamers.
The solar streamer belt is a structure consisting of a magnetic conÐguration centered on the current sheet, which extends above the cusp of a coronal helmet. The region underlying the cusp is made up of closed magnetic structures, with the cusp representing the point where separatrices between closed and open Ðeld lines intersect. Further from the Sun, at solar minimum, the streamer belt around the equator appears as a laminar conÐguration consisting of a thick plasma sheet with a density about 1 order of magnitude higher than the surrounding plasma, in which much narrower and complex current structures are embedded. As a Ðrst approximation, moving from the center of the streamer in polar directions at radii greater than the radius of the cusp, the radial component of the magnetic Ðeld increases from zero, having opposite values on the two sides of the current sheet. The structure of the magnetic Ðeld approaching the current sheet is not known, but there are indications that the Ðeld does not have any nulls, and therefore the plasma b within the current sheet is larger than in the corona but Ðnite (R. A. Howard, 2000, private communication) . As far as the Ñow distribution is concerned, the fast solar wind originates from the unipolar regions outside the streamer belt, while the slowest Ñows are located at the center of the sheet Gosling et al. 1981 ; Winterhalter et al. 1994 ). Streamer models have assumed a bimodal Ñow proÐle where the velocity is zero at the current sheet and approaches the velocity of the fast component of the solar wind at higher latitudes. Vol. 547 Einaudi et al. (1999) model the region above a coronal helmet streamer with a magnetized wake, i.e., the coronal magnetic Ðeld is represented by a sheared magnetic Ðeld, and the bimodal velocity proÐle is represented by a wake Ñow. In this picture, the slow Ñow region of the wake is coincident with the electric current sheet (the fast-wind region is represented by the fast-Ñowing plasma in the free stream). Our incompressible studies Einaudi et al. 1999) show that reconnection of the magnetic Ðeld occurs at the electric current sheet and that the wake Ñow has the e †ect of providing some streamwise motion for the magnetic "" island.ÏÏ As a consequence of nonlinear interactions, primarily the transfer of kinetic energy via perturbed Reynolds stresses (Dahlburg 1998) , the slow-Ñow region eventually is accelerated up to about half of the freestream velocity. Hence, we concluded that "" the slow wind is accelerated by the fast wind.ÏÏ
The slow wind can acquire its observed properties in three successive steps. First, a tearing instability modiÐes the initial current sheet sufficiently that a Ñuid instability can grow by tapping into the regions of faster Ñow outside the sheet. The instabilities are initiated by ambient longwavelength perturbations, such as or magnetoAlfve n acoustic waves. Without the presence of the magnetic reversal, and without the nonlinear development of the tearing mode, this Ñuid instability would not occur. As a consequence, Ñuid elements initially at rest or moving slowly within the current sheet travel outward from the Sun with increasing speed through regions of steadily decreasing number. Both tearing and the varicose Ñuid mode Alfve n create many magnetic plasmoids (or Ñux ropes, in three dimensions), thus providing discrete features and signiÐcant variability in the bulk Ñow. The Ñuid instability also widens the velocity proÐle slightly. Second, a pure hydrodynamic instability develops once the Ñuid elements have reached a distance from the Sun where the number is less than Alfve n D0.4, yielding further acceleration up to the terminal slowwind speed and additional broadening of the velocity proÐle. This instability also creates Ðne structure in the Ñow, with di †erent properties from the varicose modes. Finally, the acceleration is stopped by three-dimensional secondary instabilities which, although driven by the fastwind kinetic energy, result not in accelerating but in a transition to strong turbulence, where e †ective momentum transfer is quenched. In contrast to the discrete, sheetwisealigned plasmoids or Ñux ropes formed in the preceding stages, the secondary instability yields Ðlamentary structure in all directions with a noticeable trend toward radially (streamwise) aligned features.
In this paper, we extend the model developed by Einaudi et al. (1999) , which accounts for many of the features observed by LASCO, as well as the Ultraviolet Coronagraph Spectrometer (UVCS), by including the e †ects of compressibility and mass density variation across the streamer. This extension is necessary to be able to compare the theoretical results with the data concerning one of the most interesting Ðndings of the LASCO instrument onboard the Solar and Heliospheric Observatory (SOHO) spacecraft, i.e., the observation of plasma density enhancements, or "" blobs,ÏÏ forming and accelerating away from the Sun (Sheeley et al. 1997 ; Wang et al. 1998) . Such plasmoids, seen in LASCO di †erence images, are radially extended along the plasma sheet above coronal helmet streamers, have spatial dimensions of approximately 1 in length R _ and 0.1 in width and are a few percent denser than the R _ surrounding plasma sheet. They are observed to accelerate at a nearly constant rate up to 200È450 km s~1 within about 30 (Wang et al. 1998 ). R _ These observations have sparked considerable interest because they are thought to provide a Ðrst glimpse of the genesis of the slow solar wind. Since the plasmoid velocity asymptotes to that of the slow solar wind, it has been inferred that the plasmoids are "" tracers ÏÏ of the slow wind. Several e †orts have been made to model this phenomenon, with reconnection of the coronal magnetic Ðeld being a common feature (Wang et al. 1998 ; van Aalst, Martens, & 1999 ; Schmidt & Cargill 2000) . Belie n Because the plasmoid formation and acceleration is observed to occur between 2 and 30 many di †erent R _ , physical regimes must be understood. For example, it was inferred from the LASCO data that the sonic point occurs near 5È6 (Sheeley et al. 1997) , where the plasmoid has R _ been accelerated to a velocity of the order of 100 km s~1. Its formation and initial acceleration occur therefore at a distance from the Sun where, outside the plasma sheet, the fast wind is supersonic and
Further from the Sun, subAlfve nic. past the point, the fast wind becomes Alfve n superAlfve`nic. It is reasonable then to study the e †ect of compressibility on the two di †erent aspects of the blob formation and acceleration process, e.g., compressible plasmoid formation and acceleration in the magnetically dominated regime and subsequent compressible evolution, which occurs in the Ñow-dominated regime when the plasmoid has moved farther outward from the Sun.
In this paper, we attack the Ðrst of these problems, having now developed the appropriate linear and nonlinear numerical tools to address the compressible problem. Section 2 describes the governing equations as well as the boundary and initial conditions. We also describe in more detail our model and the computational algorithms employed to simulate it. In°3 we detail our numerical results. Section 4 contains a discussion of our results, as well as some concluding remarks.
THE EQUILIBRIUM MODEL

Governing Equations
We start with the nonlinear partial di †erential equations that govern the behavior of a three-dimensional, compressible, dissipative magnetoÑuid, written here in a dimensionless form :
supplemented by an equation of state,
where o(x, t) is the mass density, is the Ñow ¿(x, t) \ (u, v, w) velocity, P(x, t) is the thermal pressure, B(x, t) \ is the magnetic induction Ðeld,
is the strain tensor, and c is
We use an extremely simpliÐed di †usion model, in which the thermal conductivity is set to zero and both the magnetic resistivity (g) and the shear viscosity (k) are constant and uniform. For the sake of simplicity, a Stokes relationship is assumed, so the bulk viscosity j \ The important dimensionless numbers are :
is a characteristic length, is the Alfve n L 0 c s sound speed, and is a characteristic Ñow speed.
. In analogy with hydrodynamic problems, we refer to the spatial coordinate aligned with the mean Ñow as the streamwise direction (y), the spatial coordinate along which the mean Ñow varies as the cross-stream direction (x). The remaining (spanwise) direction is z. The system has periodic boundary conditions in the streamwise direction, along which a pseudospectral collocation method is used in the numerical computation, and nonreÑecting boundary conditions in the cross stream direction, where a Ðnite-di †er-ence technique is used. In the pseudospectral collocation method, derivatives are calculated using fast-Fourier transforms while the nonlinear terms are calculated on the collocation points after inverse transform of the derivatives. Dealiasing is achieved via truncation of derivatives at of 2 3 the total number of modes the number of grid points). (1 3 Since Ðelds are not periodic in the cross-stream direction, we have chosen to use a compact Ðnite-di †erence scheme (Lele 1992) in that direction, which requires the solution of a tridiagonal system for the evaluation of the derivatives in each point. The advantage is the high order of the scheme (sixth order in the domain, fourth order at the boundaries), which allows a spectral-like resolution with a comparable number of grid points. This method, coupled with a hyperbolic tangent mesh stretching around the current sheet, allows reasonable Reynolds numbers to be achieved without increasing the number of grid points dramatically. In the simulations presented, we have used 128 collocation points in the streamwise direction and 180 points in the cross-stream direction and both R \ R m \ 103. NonreÑecting boundary conditions are achieved via the method of projected characteristics (Vanajakshi, Thompson, & Black 1989) : here terms in the MHD equations involving derivatives parallel to the boundary (i.e., along the pseudospectral direction) are considered as given, while decomposition is carried out along the fast, slow, Alfve n, and entropy mode characteristics in a propagation direction normal to the boundary (the cross-stream direction). It is well known that such characteristics are degenerate and nonuniqueness in the decomposition occurs if the entire magnetic Ðeld (average plus perturbation) is also normal to the boundary. In this case, the fast mode (or slow mode, depending on whether b is below or above unity) is arbitrarily distinguished from the mode by assigning a Alfve n polarization angle when the Ðeld component parallel to the boundary drops close to zero ; then a nonsingular version of the characteristic decomposition can be determined (Roe & Balsara 1996) . NonreÑecting boundaries are obtained by setting the values of inward propagating characteristic variables to zero. This scheme, the details of which are given in the Appendix, allows one to set boundary conditions closer in than would be otherwise possible (and is typically done in MHD simulations, where distant rigid boundaries are usually imposed), therefore avoiding "" waste ÏÏ of computational power on dynamics far from the interesting areas. A Ðnal point concerns integration of the induction equation, where the use of di †erent schemes in di †erent directions could give rise to a nonvanishing magnetic Ðeld divergence. To avoid this, we integrate for Ðelds in the streamwise and crossstream direction using the vector potential in the spanwise direction. At the boundaries, however, to ensure reÑec-tionless boundaries we integrate for the magnetic Ðeld explicitly and then recover the vector potential via explicit fourth-order integration. Time is discretized by an explicit third-order Runge Kutta scheme.
The dimensions of the numerical box are L y \ 2n/a, where a is the streamwise wavenumber of the linearly most unstable perturbation, and with the zero in x L x \^20, centered in the box at the initial location of the velocity and magnetic shear layers. The last choice is made possible by the use of the nonreÑecting boundary conditions described above.
2.2. Initial Conditions We model a planar section of the solar streamer belt as a magnetic current sheet of thickness embedded in the a B , center of a wake of transverse dimension Ñowing at the a V , speed of the fast solar wind far from the sheet and at a much lower velocity at the sheet. The basic dynamical state then is given by
where denotes the characteristic length We deÐne a V (L 0 ). as the ratio of the cross-stream velocity scale to d 4 a V /a B the current sheet width.
The model is characterized by three parameters, namely, the Mach number the sonic Mach number Alfve nic (M A ), (M), and the scale ratio as well as one arbitrary
. These parameters vary considerably in the solar corona with respect to the radial distance from the SunÏs photosphere (r). In this paper we are interested in regions located near the cusp of a helmet streamer, i.e., at r [ 2 where the typical velocity is approx-R _ , Alfve n ( V A ) imately 1000È1500 km s~1, the sound speed is about (c s ) 100 km s~1, and the velocity of the fast component of the solar wind is B600 km s~1. It follows that it is reason-(V 0 ) able to assume and M \ M A \ V 0 /V A B 600/1500 \ 0.4, Here are some other ways to express V 0 /c S B 600/100 \ 6. these quantities that are perhaps more familiar : instead of the Mach number, the number, Alfve nic Alfve n A \ V A /V 0 , is often used. For the situation considered here, we have A \ 2.5. The plasma b is also a useful quantity, deÐned as
In this case, we
. have b B 0.0044. In our calculations, we pick values that are close to these estimates yet still computationally accessible. Thus, in our runs A \ 1.5, whereas M varies between 2.7 (a low-b run with b \ 0.07316) and 0.533 (a high-b run with b \ 1).
At a certain distance from the Sun, a spherically symmetric isothermal atmosphere with radial magnetic Ðeld can be assumed. Taking into account the presence of the fast wind, conservation of mass leads to the result that the speed Ðrst increases exponentially, has a maximum Alfve n around 2 and then decreases approximately as 1/r. This R _ , means that the parameter A decreases with distance from the Sun with the consequence that the dynamics come to be dominated by the Ñow shear (Dahlburg, Keppens, & Einaudi 2000) .
On the other hand, the thickness of the current sheet is much smaller than the transverse dimension of the wake. Taking into account that the thickness of each layer is approximately 10 times bigger than the relative scale length, we have and so that d B 100 is a B B 10~3 R _ a V B 0.1 R _ , a reasonable value for the present problem. However, such a value of d implies extremely large and time-consuming numerical simulations. We have seen in Einaudi et al. (1999) that the impact of the value of d is mainly to change the critical value of A, below which the dynamics is dominated by the Ñow ; therefore, in this paper we have chosen d \ 1, which corresponds to a magnetically dominated case.
The form of the function f (x) determines whether or not the magnetic Ðeld is force-free. When f \ sech x, the Ðeld is force-free and the kinetic pressure is uniform (runs A, B, C). In the Ðrst two runs, the mass density and pressure are assumed constant, whereas in run C,
RESULTS
This section presents the results from several numerical simulations of the compressible magnetized wake model for the coronal streamer stalk in the magnetically dominated regime. The properties of the initial equilibria are summarized in Table 1 . The headings of the subsections refer to the initial state of the system.
The initial conditions for the numerical simulations were chosen with two objectives in mind. With respect to the incompressible case, a realistic model of the wake di †ers both because of the compressibility of the plasma and the presence of a density and temperature structure in the plasma sheet. Therefore, to investigate the inÑuence of changing the plasma b, but with the previous incompressible simulations in mind, two runs, A and B, were carried out with homogeneous density and temperature. Then, to go beyond the initially constant thermodynamic state of runs A and B toward a situation more closely resembling the physical state at the apex of a coronal streamer, two runs were carried out with inhomogeneous thermodynamic properties. In run C, we examine a low-b cool mass-loaded wake, and in run D, we look at a low-b nonÈforce-free, thermal pressure balanced, mass loaded wake.
In each calculation, a small amplitude (v \ 10~6) perturbation at the fastest growing wavenumber a, as identiÐed by the linear analysis, was added to the initial state. In the four runs described here a \ 0.21. A description of the linear results is beyond the scope of this paper. They are obtained solving the linearized equations (1)È(6) with the modiÐed version of the Spectral Compressible Linear Stability (SPECLS) code (Macareg, Street, & Hussaini 1988) , as described in Dahlburg & Einaudi (2000) . The spatial form of the initial perturbations are given according to the linear normal modes of the system, namely, the x-component of the magnetic Ðeld perturbation is even and the xcomponent of the velocity Ðeld perturbation is odd with respect to the cross-stream (x)-direction. In the streamwise (y)-direction, the initial perturbations are sinusoidal with phase shifts among the di †erent components properly chosen to fulÐll the solenoidality conditions for the magnetic Ðeld. The perturbation starts growing exponentially at a rate in perfect agreement with the computed linear growth rate. The velocity and magnetic Ðelds initially behave as expected for a classic tearing instability : magnetic islands form with streamwise length equal to the perturbation wavelength while their cross-stream size grows from inÐni-tesimal in the linear regime to a size of order the neutral a B , sheet width, in the nonlinear phase. As occurs in the incompressible case, the interesting feature in all calculations is the development of a slightly broader velocity proÐle with substantial acceleration of the slowest Ñuid at the center of the wake. As the perturbed magnetic and velocity Ðelds attain Ðnite amplitude, the resulting nonlinear stresses lead to a transfer of energy between the background Ðeld and the perturbation that produces a "" Ñattening ÏÏ of the mean Ñow proÐle. In the following, we discuss how the details of the evolution depend on the initial conÐguration. It is important to note that all initial conÐgurations represent nondissipative equilibria and, therefore, even if not perturbed, evolve in time because of the e †ects of viscosity and resistivity altering the proÐles of the thermodynamic quantities. Since such evolution is uniform in the streamwise direction y, we can eliminate the di †usion e †ects, which would be negligible for realistic value of viscosity and resistivity, by replacing the average of the thermodynamic quantities in the y-direction with their initial average. This procedure is done only when we compute diagnostics ; it is not employed during the simulations. We have checked that at each time step the average proÐle of density, for example, is actually equal to what obtained in a purely di †usive evolution.
Run AÈL ow
with Force-free Magnetic Field b B= The basic magnetic Ðeld is force-free ; therefore, we set f (x) \ sech x. We model a planar section of the solar TABLE 1 SOME DETAILS OF THE NUMERICAL SIMULATIONS : streamer belt as a magnetic current sheet : material is Ñowing at the speed of the fast component of the solar wind far from the current sheet while the speed in the sheet is zero. In this run, all the basic thermodynamic quantities are uniform and i.e., A \ 1.5 and M \ 2.7. b B= \ 0.07316, Several things occur in this run that are signiÐcant, such as magnetic reconnection and the formation of moving plasmoids, which also happen in the other runs but with some crucial di †erences in the details. Hence, we examine this baseline run in detail. Figure 1 shows the Ðrst important feature about this situationÈwe see that a magnetic island is formed by magnetic reconnection. For these parameters, the island does not show much deformation in the x-direction because of the Ñow. This is to be expected since large A implies magnetic domination over Ñow e †ects. Hence, the island which forms strongly resembles that which arises in the incompressible version, which has been discussed in detail in Einaudi et al. 1999 . In the present compressible calculation, we can, in addition, determine the behavior of the thermodynamic quantities such as the mass density and temperature. We Ðnd that a "" blob ÏÏ in the mass density occurs in virtually the same location as the magnetic island and that this blob also moves along with the Ñow, a result also seen in our linear calculations . In Figure 2 , we present the density proÐle computed at the same time as the magnetic structure in Figure 1 , where a maximum density of 1.097 appears within the magnetic island. The corresponding temperature proÐle presents a maximum value in the vicinity of the X-point. It is easy to understand these features because on the one hand the X-point is the location where the maximum Ohmic dissipation occurs during the evolution of resistive instabilities while, on the other hand, the O-point is a stagnation point for the Ñow.
Furthermore, we see an acceleration of the central part of the wake as time goes on, as appears in Figure 3 . The central part of the wake accelerates to about 25% of the free-stream velocity in this low-b case. The inference from this is that the massive "" blob ÏÏ not only moves in time but also su †ers an acceleration. Some broadening of the central region of the wake is also seen.
To reiterate, our picture of the "" blob ÏÏ formation and acceleration is as follows : the physical system above the cusp of the coronal streamer can be modeled as a high-A, low-b magnetized wake. Owing to magnetic reconnection caused by a resistive instability, a magnetic island pinches o †. The mass density is higher within the magnetic island because of excess matter being expelled at the X-point. The massive plasmoid is set in motion by the presence of the wake Ñow, the free stream of which is the fast solar wind (linear calculations indicate that the instability that occurs Hence this simulation models plasmoid formation and evolution at a greater distance from the Sun than the preceding simulation. We see that in this case a (moving) plasmoid also forms and Figure 3 substantially is unchanged, the only di †erence being that the plasmoid has a larger extent in the cross-stream direction and is more distorted, i.e., less sym- Figures 1 and 4 . In particular, it narrows down in the streamwise direction. This feature is related to the main di †erences found as b increases, which can be appreciated by comparing Figures 2 and 5 , where the density proÐles for cases A and B are shown. The density contrasts are approximately a factor of 2 larger in the low b case than in the high-b case. This implies that as b decreases the thermodynamic e †ects increase in strength relative to the magnetic e †ects. This fact can be understood by considering that decreasing b, at constant A, makes the sound speed lower ; therefore, it is more difficult for the plasma to carry away density perturbations. This means that at low b the growing perturbation is less successful at distorting the magnetic Ðeld lines with a consequent limitation in the size of the magnetic island.
FIG. 5.ÈRun B : density proÐle at t \ 400 ; density maximum \ 1.046 Also in this case, there is an acceleration of the central part of the wake, similar to what is seen in the previous case. This "" blob ÏÏ acceleration is relatively insensitive to b and perhaps more dependent on A.
Run CÈL ow
with Force-free Ðeld and V ariable b B= o 0 and T 0 Observations by the LASCO and UVCS instruments show that the region above the cusp of a coronal streamer is composed of cool, dense plasma, forming the so-called plasma sheet (Habbal et al. 1997 ; Wang et al. 1998 ). The plasma density inside the sheet is 1 order of magnitude higher than in the surrounding corona and this fact must be taken into account when building a realistic model of the acceleration of the bulk of the plasma sheet. The simulation discussed in this subsection modiÐes the one reported in°3
.1 in that and vary as functions of x in such a way o 0 T 0 that the wake is loaded with a cooler, denser plasma, i.e.,
where m \ 7.3452. This value is selected so that the ratio of the coronal density to the density at the center of the plasma sheet is the same as in run D, allowing us to compare the results of the two numerical simulations. Such variation in the equilibrium thermodynamic quantities a †ects the results of the previous subsections in two ways. First of all, a moving plasmoid is again formed but the magnetic island is smaller than those shown in the previous two cases. The island is still accelerated, but much less than in the previous two cases, as shown in Figure 6 . This happens because there is now a lot more mass in the center of the wake ; hence, it is harder to accelerate. Again, the mass density is enhanced in the center of the magnetic island, as appears in Figure 7 , and the mass density proÐle is more complex than in the two previous runs. It presents a minimum at the center with two maxima on the separatrices of the island with a density contrast of 1.04. still its direction rotates from being radially inward at southern latitudes to radially outward at northern latitudes. The longitudinal component varies in such a way B 0z (x) that the amplitude of the magnetic Ðeld presents a gradient in the latitudinal direction x, which is balanced by a pressure gradient. The temperature is assumed uniform ; therefore, the pressure gradient is caused by a density gradient. As a consequence, b varies in the x direction from a value to a value at the center of the plasma sheet. This b = b 0 feature makes this conÐguration more realistic with respect to run C.
Expressing this more exactly, we have : 
. It is worth noting that the thickness of the plasma sheet of the wake and of the current sheet are the same a S , a V , a B in this model while in reality
On the other
. hand, such ordering of the relevant scales implies numerical computations that are too expensive.
As in all of the other cases, this equilibrium is unstable and magnetic islands and the usual plasma "" blobs ÏÏ are formed through a reconnection process. When the instability reaches its nonlinear phase, a Kelvin-Helmholtz kind of process accelerates the central portion of the wake, including the magnetic islands that can be seen as blobs of enhanced density traveling outward from the Sun. The acceleration process is depicted in Figure 8 , where it is shown that the higher density of the plasma sheet makes the acceleration slower than in runs A and B, but the higher sheet pressure helps in making the acceleration faster than in run C. In Figure 9 , we present the density proÐle and the density perturbation at t \ 400, which resemble the ones of run C. Again the density peaks are located on the separatrices of the moving blobs and the density structure has a small-scale complex behavior. In Figures 10 and 11 , we present the magnetic Ðeld and mass-density contours at FIG. 11 .ÈRun D : time evolution of density di †erent times (t \ 300,400,500,600) to show the evolution of the moving blobs. They appear to be distorted in the streamwise direction, in contrast to run C.
DISCUSSION
In this paper, we have reÐned the model proposed by Einaudi et al. (1999) to form and accelerate the slow component of the solar wind within a coronal streamer. In particular, we have been concerned with the study of the initial phase of the process, which occurs inside the point, Alfve n i.e., the formation of magnetic islands and their initial acceleration outward from the Sun. With the inclusion of the e †ects of compressibility, we can extend the incompressible model in two ways. The Ðrst way is to study the evolution of the basic conÐguration, a thin current sheet embedded in a velocity Ðeld with a central wake, with an initially uniform mass density and temperature, as a function of the plasma b and to derive the details of thermodynamic quantities as pressure and density. The second way is to consider basic conÐgurations where density and/or pressure gradients are present and therefore taking into account the presence of the plasma sheet in the central part of the wake.
The main results of the present paper can be summarized as follows.
1. The linear evolution of both magnetic and velocity structures are not appreciably altered by compressible e †ects. The growth rate and the magnetic and velocity perturbations are quite similar to the incompressible counterparts. Di †erences with the incompressible case arise in the nonlinear regime since the form of the island depends on both the plasma b and the density proÐle.
2. The distortion of thermodynamic quantities such as density and pressure becomes more relevant as the plasma b decreases, when the equilibrium proÐle does not contain a dense plasma sheet, whereas altering the density and temperature proÐle makes the density contrast at the center of the sheet vary by a factor of 2 around the observed density contrast of D5%.
3. As in the incompressible case, in the nonlinear stage of the resistive instability, the nonlinear stresses lead to a transfer of momentum between the fast portion of the Ñow (the fast wind) and the central portion of the wake (the slow wind), producing an acceleration of the density "" blobs ÏÏ resulting from reconnection, as well as the acceleration of the initially static plasma around the current sheet. Di †er-ences in the acceleration process with respect to the incompressible case appear when basic mass-density gradients are considered, in the sense that the presence of the plasma sheet makes it more difficult to accelerate the denser central part of the wake with respect to the uniform density case. It is interesting to note, however, that the higher sheet pressure of run D helps make the acceleration faster than in run C, which corresponds to a uniform pressure case.
In conclusion, these compressible computations reinforce the scenario that the structure and acceleration of the slow solar wind can be attributed primarily to the intrinsic instability and subsequent evolution of the underlying wakeÈ current sheet system. To reproduce the observational details properly, both further theoretical work and additional solar data are needed. From the theoretical point of view, we need a study of more complex and realistic basic conÐgurations, where more than one current sheet of smaller thickness, d \ 1, are considered within the plasma sheet, according to UVCS data (see, for example, Noci et al. 1997 ). In our model, the formation time of the traveling density enhancements is strongly related to the growth time of the initial resistive instability, which depends on the thickness of the current sheet, on the number of current sheets, and on the value of the e †ective resistivity. Compressible e †ects do not change the incompressible instability growth rates in an appreciable way : for a single current sheet 100 times thinner than the plasma sheet, these imply a linear phase duration of approximately 5 hr, in good agreement with the observed periodicity of approximately 4 per day (Sheeley et al. 1997) . The shape of the "" blobs,ÏÏ however, depends on the smallscale topology of the basic conÐguration and a realistic calculation must take into account the possibility of multiple current sheets. Finally, the evolution of the "" blobs ÏÏ after they move past the point is governed by superAlfve n sonic and dynamics, in which Ñuid e †ects superAlfve`nic dominate and can lead, in the compressible case, to the formation of shocks. These may deeply a †ect the subsequent acceleration, as shown in purely hydrodynamic calculations by Chen, Cantwell, & Mansour (1989) . The physics of this regime has been studied recently, without taking into account the presence of "" blobs ÏÏ traveling within the current sheet in the initial conÐguration, by Dahlburg et al. (2000) .
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from which one constructs the characteristic polynomial for the x derivative terms. This yields the projected entropy, Alfve n, fast, slow characteristic speeds j as
where is the x component of the speed and the fast and slow speeds are deÐned by a x Alfve n f 2 \ 1 2
The projected characteristics are then given by the following expressions : the entropy mode characteristic,
the characteristics, Alfve n
the slow mode characteristics,
BDH .
In terms of characteristics, the time derivatives are then given explicitly by
ALu y
